The performance of high gradient superconducting RF cavities for electron accelerators is mainly limited by field emission. Major improvements have been recently obtained using different surface conditioning techniques confirming the involvement of metallic particles in field emission enhancement. In this paper we present the results obtained with an optical apparatus attached to an RF copper cavity equipped with a removable sample which is subjected to high RF fields (Epk > 40 MV/m). Stable light spots are observed on the sample surface and their intensities and optical spectra are measured as a function of the surface electric field. The total emitted current is simultaneously measured by an isolated hollow electrode facing the sample. Particles of different types were deliberately sprinkled over the sample surface and the luminous features are studied. Light intensity, spectral power density and evolution of the luminous sites provide useful information for understanding the field emission phenomena and the conditioning effects.
I. INTRODUCTION
In this paper we report on the development and experimental work performed with an optical apparatus attached to an RF cavity. A detailed description of this device and some preliminary results were presented in previous papers [l] [2] . The initial goal was to develop a diagnostic tool able to localize and characterize the light spots which are observed on the surface of cavities submitted to high electric fields. This effect has been observed in DC experiments [3] and sometimes an intense luminous activity has been reported in F G cavities with heavy field emission.
EXPERIMENTAL SET UP a) Cavity
A simple copper cavity has been proposed by the Saclay Group [4] [5] for studying the RF field emission on removable samples. Field emission from metallic surfaces at room temperature is practically the same as from those at liquid helium temperatures. A simple cavity with a removable sample, operating at room temperature offers fast turn around and low operating costs. = 100 MVIm (for 5 kW peak input power).
These are the electric fields on the top of the samples which can be maintained for pulse lengths in the range of 10 p to 5 ms with a duty cycle of 1 %.The field obtained with #1 samples was calibrated using a X-ray detector and the field with #2 samples was calculated with means of a computational code. field emission from metallic particles and surface scratches [4, 5, 61 . In this paper we focus on observations made on samples contaminated with dielectric (AizO3) particles. Two sizes of alumina particles have been studied : large particles (50 -pm) and small particles (-lpm). On examination of the samples in the SEM, it was found that the smaller particles tended to agglomerate into larger clusters, but there were many individual particles as well,
Large particles
A copper sample (type # 1) contaminated with alumina particles was submitted to RF pulses of 4 ms (1 Hz repetition rate). Luminescent spots were clearly observed starting at a field of 5 MV/m. Increasing the field up to 30 MV/m leads to a higher density of spots on the top of the sample and a higher luminous power [ Fig. 41 . The electron current was very unstable (500 pA at 10 MV/m). 
RESULTS
Samples were prepared using a technique which is now established [4] . Particles are sprinkled on the top of a clean sample placed over the cold vapors of an LN2 bath.
Above this field level luminous tracks were observed, Our calibration of power sensitivity was within -% sometimes following straight trajectories, other times curved[ Fig. 51 .
The particles stick to the moistened surface and after drying remain well adhered (for samples prepared in this manner, the particles remain attached during sample mounting in the cavity and the majority remain attached even with the application of electrostatic fields). The samples are mounted in the cavity on a laminar flow bench. The prepared cavity is then evacuated and the experiment starts when the pressure reaches the range of mbar. and wavelength (ranging from 600 nm to 800 nm). One spot was studied between 30 -40 MVIm; it was found that the peak wavelength did not change as the field level was increased. This study took several hours and during this time some of the light spots remained quite stable Afterwards, the sample was examinated in a SEM. Melted features were found on alumina particles with diameters on the order of 10 pm. Small clusters of smaller particles (-5pm in diameter) coated the sample surface and some craters were also identified in their vicinity.
Small particles
In this experiment a niobium sample of type #2 was used which gave more stable operating conditions. The electron current was quite low (15 pA at 80 MV/m) and unstable during the first few minutes. Small luminous spots These experiments show that dielectric particles interact strongly with the RF fields in the cavity. They emit light and may be responsible for the observedelectron current. There is also a clear dependence on the particle size.
The unstable behavior during the conditioning phase is accentuated for the larger particles which produce higher currents and more intense light spots. The light spectra show some similarity to those observed in alumina waveguide windows [7] . Some luminous features observed in the experiment with large particles have been also observed in DC experiments [3] : same order of magnitude of the luminous power in a light spot (10-l2W), spectral power density in the range 600 nm -800 nm and peak wavelength not dependent on the electric field.
Let us consider the RF heating of these particles. The power density absorbed by a dielectric is given by P(W/m3) = 1/2 E, E, @E2 tan6/2 .For alumina (ET = 10, tan6 = in a field of 50 MV/M at 1.5 GHz, we find P -1012W/m3. The temperature increase of a particle of any size can be calculated using the specific heat (Cp E 756 J/kg.K) and density 3970 kG/m3) of alumina. The time constant T, to reach this temperature is proportional to the contact thermal resistance, Rth and to the total heat capacity C of the particle. From SEM measurements, a value of R,h 2 lo7 WW has been determined giving time constants in the range 10 psec -100 msec.
